Methods. In a cross-sectional substudy of the Multicenter AIDS Cohort Study, noncontrast cardiac computed tomography (CT) scanning for coronary artery calcium (CAC) scoring was performed on all men, and, for men with normal renal function, coronary CT angiography (CTA) was performed. Associations between fat depots (visceral adipose tissue [VAT], abdominal subcutaneous adipose tissue [aSAT], and thigh subcutaneous adipose tissue [tSAT]) with coronary plaque presence and extent were assessed with logistic and linear regression adjusted for age, race, cardiovascular disease (CVD) risk factors, body mass index (BMI), and human immunodeficiency virus (HIV) parameters.
In the general population, greater amounts of visceral adipose tissue (VAT) have been associated with pro-atherogenic lipids abnormalities [1, 2] , greater insulin resistance [3] , and coronary artery disease (CAD) [4] . Human immunodeficiency virus (HIV)-infected persons experience changes in body fat amount and distribution that have given rise to a characteristic anthropomorphic phenotype and include greater VAT as well as less subcutaneous abdominal and limb fat [5] [6] [7] , commonly referred to as lipodystrophy. These anatomic fat alterations may impact risk for CAD. In this population, greater VAT and decreased subcutaneous fat have been associated with both proatherogenic serum lipid profiles and insulin resistance [8, 9] but only inconsistently with coronary artery plaque ( particularly calcified plaque [CP] ) or cardiovascular disease (CVD) clinical events [10, 11] . Causes for these HIV-related body fat changes are not entirely clear, but they are likely multifactorial. Factors with established positive associations with VAT and/or subcutaneous fat include duration of HIV infection, exposure to specific antiretroviral (ART) therapies ( particularly use of thymidine analog reverse-transcriptase inhibitors and protease inhibitors), and patient age [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Increases in and duration of (1) systemic inflammation and (2) immune activation and host genetics are also postulated to be operative in the pathogenesis of HIV-associated body fat changes, and these factors contribute to CAD risk in the general population [22, 23] .
Coronary computed tomography angiography (CTA) allows assessment of the presence, extent, and composition of coronary artery plaque. Using this technique, our group [24] and others [25] have demonstrated greater overall prevalence of coronary plaque and the presence and extent of noncalcified plaque (NCP) among HIV-infected versus uninfected persons. We hypothesized that regional adiposity is associated with coronary plaque, but that these associations may differ by HIV serostatus. We evaluated associations between coronary plaque (overall and by type and amount), body fat depots assessed by computed tomography (CT) imaging, and HIV serostatus among Multicenter AIDS Cohort Study (MACS) participants.
METHODS

Population
The MACS is an ongoing prospective cohort study of the natural and treated histories of HIV-1 infection among men who have sex with men, conducted in the Baltimore and Washington DC areas, Chicago, Pittsburgh, and Los Angeles [26] . Initial enrollment occurred in [1984] [1985] , with additional enrollment in 1987-1991 and 2001-2003 . The cohort includes both HIVinfected and HIV-uninfected men who attend semiannual research visits that include standardized interviews, physical examinations, and blood and urine collection for laboratory measurements.
The MACS cardiovascular ancillary study participants were 40-70 years of age, weighed <300 pounds, and had no prior history of cardiac surgery or percutaneous coronary intervention. All participants completed noncontrast cardiac CT scanning for coronary artery calcium (CAC) scoring. Men with atrial fibrillation, chronic kidney disease (estimated glomerular filtration rate [GFR] in mL/min/m2 of <60 during a prior MACS study visit), or a history of intravenous contrast allergy were excluded from CTA studies. All eligible CTA participants had an estimated GFR >60 within 1 month of CTA. The study was approved by the Institutional Review Boards of all participating sites. All participants signed informed consent.
Computed Tomography Scanning and Analysis Procedures
Details of the cardiac CT scanning procedures have been described [27] . Abdominal subcutaneous and visceral adiposity measures were obtained by the addition of 1 noncontrast abdominal CT slice at the level of the umbilicus, corresponding to the L4 to L5 vertebral level, as previously described [28] . To evaluate thigh fat, a single slice scan was performed at 15 cm above the patellar apex.
Computed tomography images were transferred to the core CT reading center (Los Angeles Biomedical Research Institute at Harbor-UCLA) and were analyzed by trained, experienced readers who were blinded to participant characteristics and HIV serostatus [28] . Amounts of extra-abdominal (subcutaneous) fat were calculated by subtracting intra-abdominal fat from total abdominal fat. For thigh adiposity, manual tracings were performed to delineate subcutaneous fat and muscle compartments; muscle attenuation was measured in Hounsfield Units (HU). Areas of thigh fat, expressed in square centimeters, were calculated by summing the area of pixels in the slice with CT values from −150 to −50 HU.
Cardiac Computed Tomography
Coronary artery calcium was calculated using the Agatston method. The total plaque score (TPS) was calculated by summing the plaque size score for all assessable coronary segments that demonstrated any plaque (either CP, NCP, or mixed plaque [MP]) up to a maximum score of 45. Plaque was graded as 0, 1, 2, or 3 in each segment (15 segments) based on the size of the plaque. The segment involvement score was calculated as the sum of coronary artery segments with plaque, regardless of degree of stenosis. Each coronary segment was classified as normal or containing NCP, MP (<50% of plaque area occupied by calcium), or CP. Calcified atherosclerotic plaque was defined as any structure with attenuation >130 HU visualized separately from the intravascular lumen, identified in at least 2 independent planes. Noncalcified atherosclerotic plaque was defined as any discernible structure that could be clearly assignable to the vessel wall, with a CT density less than the contrastenhanced coronary lumen but greater than the surrounding connective tissue, and identified in at least 2 independent planes. The NCP score, MP score, and CP score were calculated by summing the plaque scores in each NCP, MP, or CP segment separately.
Clinical Parameters
Participants were seen every 6 months at routine MACS research visits. Data were collected regarding CVD risk factors and HIV clinical parameters by history, physical examination, and blood tests. For this analysis, data were used that had been collected at the MACS study visit closest to the CT scan (within 6 months). Race or ethnicity was based on self-report. Glucose and serum lipids were measured from fasting samples. The Modification of Diet in Renal Disease equation was used to estimate GFR [29] .
Hypertension was defined as systolic blood pressure (BP) >140 mm Hg or diastolic BP >90 mm Hg or self-reported use of antihypertensive medication. Diabetes mellitus was defined as fasting serum glucose ≥126 mg/dL or use of medications to treat diabetes. Measures of HIV disease activity in HIV-infected men included plasma HIV ribonucleic acid (RNA) levels, CD4 + T lymphocyte counts, history of an acquired immune deficiency syndrome (AIDS)-defining malignancy or opportunistic infection, and duration of highly active anti-retroviral therapy (HAART) use.
Statistical Analysis
The distributions of demographic and clinical factors in HIVinfected and -uninfected men were compared using the (37) . All statistical analyses were performed using SAS 9.2 (SAS Institute, Cary, NC). Statistical significance was established at a P value <.05.
RESULTS
Participant Characteristics
There were 597 HIV-infected men and 343 HIV-uninfected men included in the analysis (Table 1) . Compared with HIVuninfected men, HIV-infected men were younger with lower BMI, more likely to be black, and more likely to have hypertension and diabetes mellitus. Men infected with HIV were also more likely to be current smokers and have lower levels of low-density lipoprotein cholesterol, HDL cholesterol, and total cholesterol, and higher triglyceride levels, and they were more likely to be receiving lipid-lowering medication (Table 1) .
Among HIV-infected men, 18.8% had a detectable plasma HIV RNA level. 25-29.9 , and ≥30 kg/m 2 ), differences in median fat area by HIV serostatus were observed (Table 3) . Within the BMI <25 kg/m 2 and overweight (BMI 25-29.9 kg/m 2 ) strata, median VAT areas were greater among HIV-infected than uninfected men (P < .001 and P = .002 for BMI <25 kg/m 2 , and BMI 25-29.9 kg/m 2 , respectively). In all BMI strata, aSAT and tSAT volumes were significantly lower among HIV-infected than HIV-uninfected men (all P < .05).
Coronary Plaque
As previously reported, compared with HIV-uninfected men, HIV-infected men were more likely to have coronary plaque present ( Table 2) . Coronary plaque was present in 77.5% of Table 2 ). There were no differences by HIV serostatus in median plaque scores for TP, CP, and MP, but greater NCP in HIV-infected men.
Anatomic Fat Depots and Coronary Plaque
Presence of Coronary Plaque
The presence of coronary plaque is outlined in Table 4 .
Visceral Adipose Tissue
We analyzed associations between VAT and the presence and extent of coronary plaque. Visceral adipose tissue was positively associated with the presence of NCP, in models that adjusted for age, race, and CVD risk factors (Model 1), or for age, race, CVD risk factors, and BMI (Model 2) (P < .05 for all) among HIVinfected men but not among HIV-uninfected men (Table 4 and Figure 1 ). However, there were significant interactions by HIV serostatus in both analytic models (P < .05 for all). Visceral adipose tissue was positively associated with the presence of NCP in both models. Although coinfection with HIV and chronic hepatitis C virus (HCV) was significantly associated with NCP presence, adding HCV to the fully adjusted analytic model (Model 2) did not alter the significant relationship between VAT and NCP presence. Adding CVD risk scores (calculated using the 2013 American College of Cardiology/American Heart Association Guidelines) to fully adjusted models did not alter the relationship between VAT and NCP presence.
Although no statistically significant HIV interactions existed, among HIV-infected men VAT was positively associated with "any coronary plaque" presence in Model 1 (P < .05) but not after additional adjustment including BMI (Model 2). No associations existed between VAT and the presence of any coronary plaque among HIV-uninfected men.
No significant interactions by HIV serostatus and no associations between VAT and CAC presence existed in analyses stratified by HIV serostatus. After adjustment for CVD risk factors and BMI, no associations between VAT and presence of coronary stenosis >50% among HIV-infected men existed.
Abdominal Subcutaneous Adipose Tissue and Thigh Subcutaneous Adipose Tissue
No significant associations were seen between either aSAT or tSAT and the presence of any coronary plaque type or stenosis among either HIV-infected and -uninfected men.
Extent of Coronary Plaque Visceral Adipose Tissue
Among men with coronary plaque present VAT was not associated with the extent of coronary plaque of any type, regardless of HIV serostatus (Table 5) . Abdominal subcutaneous adipose tissue was inversely associated with TPS extent in Models 1 and 2 (P < .05 and P < .01, respectively) among HIV-infected men (P < .05 and P < .01, respectively); no significant associations between aSAT and coronary plaque extent were apparent in HIV-uninfected men. There was a significant interaction by HIV serostatus between aSAT amount and MP extent in both Models (P < .05); among HIV-infected men aSAT was negatively associated with MP extent, and among HIV-uninfected aSAT was positively associated with MP extent, but neither association was statistically significance. Although tSAT amount was generally not associated with the extent of coronary plaque of any type in Model 1, tSAT was inversely associated with extent of CAC (P < .05) and with TPS extent (P < .05) in Model 2 with no interaction by HIV serostatus.
DISCUSSION
In this well characterized group of men who underwent coronary CT imaging, we found several associations between anatomic fat depot volumes and subclinical coronary plaque presence and extent; some of these differed by HIV serostatus and by coronary plaque type. In general, HIV-infected men had less subcutaneous fat (in both the abdomen and thigh) and more VAT than HIV-uninfected men. In analytic models that adjusted for age, race, CVD risk factors, and BMI, VAT was positively associated with a greater likelihood of NCP presence among HIV-infected men (a plaque type previously shown in this cohort to exist in excess among HIV-infected men) but not among HIV-uninfected men. In similarly adjusted models, less aSAT was associated with a greater extent of total plaque (TPS) among HIV-infected men but not HIV-uninfected men.
Our finding of an association between increased VAT and the presence of NCP among HIV-infected persons is unique. Among HIV-infected men, VAT amounts were greater than HIV-uninfected men among normal weight and overweight men but not among obese men. Because HIV-infected men were more likely than HIV-uninfected men to have NCP, to have greater VAT volumes (except among obese men), and to demonstrate an association between greater VAT volume and NCP, this raises the possibility of a VAT/NCP relationship among HIV-infected men. Visceral adipose tissue amount has been positively correlated with CAC amount in 1 Italian cohort of HIV-infected persons [10] , but we did not find associations between VAT amount and plaque types other than NCP in our cohort. Reasons for between-cohort discrepant plaque association with VAT are not clear, but they may include the following: (1) other cohorts have not undertaken measurements of subclinical plaque types other than CAC; (2) patients in the Italian cohort attended an HIV metabolic clinic and had a high prevalence of lipodystrophy (including increased VAT) and other metabolic abnormalities; and (3) it is possible that NCP represents newer (younger) plaque that, over time, evolves into more CP. Although cross-sectional data such as ours do not allow conclusions to be drawn as to pathophysiologic sequence of events, the presence of an association between VAT volume and NCP presence in our data but not between VAT volume and NCP extent raises the possibility that VAT amount may be linked to NCP initiation but not to NCP progression.
In our cohort, HIV-infected men had more NCP than HIVuninfected men [24] ; NCP may represent younger plaque that is more prone to rupture than CP. Although the extent to which NCP presence was accounted for or modified by the presence or amount of VAT is unclear, adjustment for VAT did not diminish differences in NCP presence by HIV serostatus (data not shown). Although the extent to which VAT volume comprises a risk for NCP formation is not evaluable in this cross-sectional study, clinical factors associated with increased VAT are also linked with CAD risk. In 1 cohort of HIV-infected persons, VAT amount was independently associated with increased mortality [31] . We are not aware of general population-based studies correlating VAT amount with NCP presence or extent. Evaluation of VAT amount in association with CVD clinical events comprises an area deserving of future study.
Although factors consequent to HIV infection (eg, systemic inflammation and/or immune activation) comprise unique risks for plaque formation, including vascular endothelial function impairment [32] , the extent to which these factors are common to the etiology of both NCP and VAT among HIVinfected men or account for relationships between the 2 is unclear. Other work from our group will explore associations between anatomic fat depots and coronary plaque, systemic inflammation, and immune activation. Our findings of lesser subcutaneous fat volume, aSAT, and tSAT (lipoatrophy) in association with greater overall plaque extent among HIV-infected persons complement findings from other cohorts reporting associations between HIV-related lipoatrophy and risk for CP [10] and Framingham Risk Score [33] . Factors known to increase CAD risk have been associated with HIV-related lipoatrophy; these include insulin resistance [3, 34] and pro-atherogenic hyperlipidemia [1] , suggesting the possibility of a causal pathway. These findings may represent long-term adverse effects of prior thymidine analog reverse-transcriptase drug exposure, which are not generally reversible after drug discontinuation.
We noted that regardless of HIV serostatus, less tSAT was associated with greater total coronary plaque (TPS) amount and CAC score. Although our findings of lower median aSAT and tSAT volumes among HIV-infected than uninfected men, regardless of BMI, were not surprising, we are not aware of other reports that have linked lower peripheral fat per se with subclinical atherosclerosis in the general population. One report has linked greater SAT to increased CAC amounts [35] ; another has linked reductions in glycation end-production expression in SAT, which is related to lower SAT volume, to increased overall CAD risk [36] . Again, in the context of this cross-sectional study, no causal relationship between amounts of subcutaneous fat and coronary plaque can be established.
Although feasibly anatomic fat changes may be associated with increased coronary plaque risk through known CVDassociated comorbidities, such as insulin resistance and proatherogenic patterns of hyperlipidemia (both more common among HIV-infected persons), other paths between "metabolically active" fat and coronary plaque formation may exist. Data exist suggesting that, despite the fact mitochondrial disturbances are similar in VAT and SAT, there is differential induction of pro-inflammatory signaling in VAT compared with SAT and decreased adipogenic gene expression in SAT but not VAT; these differences may result in wasting in SAT but not VAT [23] . Whether or not these same factors influence differential associations between fat depots and specific coronary plaque types is unclear.
Persons with greater VAT and less SAT may eventually be shown to comprise a population to be targeted for more aggressive CVD screening and risk factor reduction. Our findings may suggest that factors known to be associated with increased CVD risk in the general population, such as the associations between VAT, increased hyperlipidemia, and insulin resistance, are also operative among HIV-infected persons, although mechanisms mediating associations between VAT and CVD may differ by HIV serostatus. Although strategies to reduce CVD risk in the general population are valuable among HIV-infected persons, if unique CVD risk factors exist in this population, then established CVD risk assessment and reduction strategies may be insufficient, as recent data profiling the underprediction of CVD events using standard CVD risk prediction equations [37] suggest. Whether or not unique anatomic fat or coronary plaque relationships among HIV-infected persons may inform the CVD risk assessment process in this group is unclear but deserving of further study.
Limitations to our study exist. A cross-sectional study cannot directly assess causality between fat depot volume and coronary plaque. In general, our control group (HIV-uninfected men) was older and less likely to be black than the HIV-infected men. In addition, we did evaluate associations between coronary plaque and other fat depots such as epicardial or liver fat, a subject of other work from our group. Furthermore, we did not have the statistical power to assess anatomic fat or coronary plaque associations in relationship to specific ART exposure. Missing data regarding risk factors involving approximately 10% of study participants required imputation; it is feasible that such imputation may have impacted the results. Finally, this is a study that included only men; the extent to which our findings can be generalizable to women is unclear.
CONCLUSIONS
In summary, we identified unique associations between anatomic fat depot volumes and coronary plaque that differed by HIV serostatus. In particular, our findings of associations between greater VAT volume and NCP presence among HIVinfected men and between subcutaneous fat depletion and some types of coronary plaque, particularly (but not exclusively) among HIV-infected men, are novel. The extent to which this information may be useful in future study evaluating the interplay between visceral and subcutaneous fat volumes with risks for and occurrence of CVD among HIV-infected persons is not yet clear. Further work is necessary to better ascertain factors that may mediate the impact of anatomic fat upon CVD pathogenesis with the hope such work can ultimately help inform the development of improved CVD clinical screening and therapeutic interventions for both HIV-infected and uninfected persons.
